The man sits patiently in the clinic, head bowed, hands shielding his face. Although the waiting area is full, there are empty chairs on either side of the patient. A name is called, the man rises and walks slowly forward. The nurse greets him, but he notices how she steps back slightly as he advances. It is an almost imperceptible movement, a flinch, but he has seen it before. She guides him into the end room and departs rapidly. Once the interview with the doctor is completed, the man knows she will spray the room with a lavender aerosol and the windows will be flung open. He wonders why they haven't given him a bell, but perhaps it is not necessary. The smell, his smell, is sufficient 'warning'. What did he do wrong?
This man has Darier's disease. His scalp is crusted, the skin around his ears weeps and scales, his trunk is a mass of warty excrescences and a malodorous exudate oozes from the fleshy, heaped up, papules in his groin. Opportunistic pathogens flourish in the moist environment where these fleshy papules have coalesced forming cobblestones with intervening deep crevasses. The odour which shadows him pervades the immediate environment and remains when he has gone.
Most patients with Darier's disease are affected less severely but even minor skin abnormalities may have disastrous social repercussions. If the skin looks 'good' it influences not only how we behave, but also how we are received by others. Scaling, erythema and hyperkeratosis are difficult to conceal. Performance at school or work may be sub-optimal and ability underestimated. Ifthe patient is lucky, his family will accept him despite his disease, but his circle of friends will be small, casual conversation with a stranger will be a struggle, rejection commonplace and for many patients the chances of marriage or a normal sex-life are remote. It is hardly surprising that patients with Darier's disease were labelled infertile.
What is Darier's disease? Darier's disease was described first in separate reports by Darier! and White'' in 1889 and is an autosomal dominantly inherited disorder with a prevalence of approximately 1 in 100 000 3 • The onset is rare before puberty. The disorder is characterized by the presence of warty, brown papules and plaques in a seborrhoeic distribution, flexural lesions, which may be hypertrophic, palmar pits and a nail dystrophy comprising v-shaped notches with red or white longitudinal bands. The skin lesions are exacerbated by sweating, maceration, minor cutaneous trauma and ultraviolet radiation. Patients are predisposed to the development of widespread cutaneous viral or chronic pyogenic infections and a number of immunological defects have been described. These include abnormalities of suppressor cell function, skin test reactivity and neutrophil functionv", Histological findings in the involved epidermis include 'naevoid' epidermal downgrowths, abnormal keratinization and acantholysis (cell separation) leading to the formation of lacunae within the epidermis". Ultrastructural studies have demonstrated cell membrane damage, cytoplasmic vacuolization, dissolution of desmosome-keratin filament complexes and aggregation of keratin filaments around cell nuclei 9 . 11 • Uninvolved epidermis is histologically and ultrastructurally normal. The cell kinetics in Darier's disease have not been evaluated fully, but there is an increased labelling index in involved skin 12 suggesting hyperproliferation.
What evidence is there for a primary disorder of keratinization in Darier's disease?
The pathogenesis of Darier's disease is uncertain but because morphological studies have pointed to an abnormality in the desmosome-keratin filament complex, the disease has been classified as a disorder of keratinization-".
Normal epidermal differentiation
In the last decade, many of the mysteries surrounding epidermal differentiation, keratin formation and cornification have been unravelled using immunohistochemical techniques-v'P, The epidermal cells (keratinocytes), migrate from the basal, germinative compartment through the suprabasal differentiating compartment into the outer horny layer (stratum corneum). Each keratinocyte contains filaments composed of keratin polypeptide sub-units (see below). These filaments enlarge during differentiation and the terminally differentiated cells of the horny layer are filled by a dense network of fibrils embedded in a histidine rich protein, filaggrin, which aggregates the filaments'". Keratohyaline granules containing the precursor of filaggrin give the cells a granular appearance in the high suprabasal layers. A soluble protein, involucrin, is synthesized in the suprabasal layers and is incorporated into a thickened, crosslinked cell envelope. Finally the cell organelles and nucleus are degraded before migration into the stratum corneum, which is composed of 15-20 tightly stacked, flattened, terminally differentiated cells. The keratin fibrils provide flexibility, the thickened cell envelope provides protection and stability and the intercellular spaces contain lipids which not only play a role in barrier function but may also influence cell to cell cohesion and desquamation'". Normally the epidermis completely renews itself approximately every two months.
The control of epidermal proliferation and differentiation is complex and incompletely understood: polyamines, cyclic nucleotides, arachidonic acid metabolites and proteases may be involved 22 ,23. Permeable cell-cell junctions, gap junctions, exist between cells and provide pathways for direct communication and there may be control of epidermal differentiation or growth through junctional interactions-", Once cells move into the suprabasal compartment, generally they are committed to differentiation, but a small cohort may continue to proliferate and this number may increase in hyperproliferative states'". There are four major epidermal keratins: the 50K acidic and 58K basic keratin pair which are present in all epidermal cells, and the 56K acidic and 65-67K basic keratin pair which are found predominantly in suprabasal differentiating cells 14 ,15. The expression of specific keratins depends on the type of tissue and state of differentiation or development and may be modified by external factors or disease.
Keratin filaments

Cell adhesion
Throughout the epidermis there are desmosomes linking adjacent keratinocytes and these provide anchoring points for intercellular keratin fllaments'". Each desmosome is composed of an intercellular core which is rich in adhesion mediating glycoproteins, the desmogleins, and cytoplasmic plaques which are associated with a pair of non-glycosylated proteins, the desmoplakins". Cell surface glycoconjugates and lipids also influence cell adhesion.
Is there a primary disorder of keratinization in Darier's disease? Keratins are expressed normally in uninvolved skin from patients with Darier's disease, but in the Darier's lesion, some suprabasal, acantholytic cells continue to express keratins which are characteristic of cells in a basal position, ie there is apparent delay in the synthesis of suprabasal keratins'". There is evidence that once cells are acantholytic there is no further synthesis of keratin proteins". Therefore if absence of suprabasal keratins is the cause of weakness and breakdown of keratin filamentdesmosome complexes, this abnormality should be a consistent finding in the acantholytic cells. However this is not the case, instead the majority of acantholytic cells express suprabasal keratins normally". The abnormal immunohistochemical findings in some acantholytic cells may be secondary to an alteration in antigenicity rather than a delay in synthesis of the keratin proteins. Abnormal aggregates of keratin filaments or degeneration of keratins in acantholytic cells may either facilitate the binding of basal cell markers by unmasking epitopes or impede binding of suprabasal markers.
The suprabasal cells in lesional skin also express keratin 16 29 • Keratin 16 is a small polypeptide molecule which may aid cell plasticity and mobility. This keratin is present in tissues which are proliferating rapidly, for example normal mucosa or the advancing edge of healing wounds as well as some pathological states such as psoriasis which are associated with hyperproliferation. In Darier's disease the presence of keratin 16 may reflect rapid proliferation.
Although the immunohistological studies of keratin expression have demonstrated some abnormalities, the breakdown of desmosome-keratin filament complexes and acantholysis have not been explained with the available techniques.
What other factors could be responsible for the abnormal cell adhesion in Darier's disease? In pemphigus vulgaris, an autoimmune disorder which is also characterized by epidermal cell acantholysis, an antibody induces the synthesis and secretion of epidermal plasminogen activator, which activates plasminogen to plasmin". This degrades surface proteins and induces cell dyshesion and acantholysis'", There is no evidence for an immunological cause of Darier's disease but many of the clinical and histological features could be explained if the disease is protease mediated. Human skin contains a number of proteases in both the epidermis and the dermis. These enzymes play an important role in tissue remodelling. Surface protease activity is increased in rapidly dividing cells and exogenous proteases alter the growth rate, agglutinability and morphology of cultured cells 23 ,33. In Darier's disease the sequence of events preceding acantholysis is uncertain, but cell membrane damage and cytoplasmic vacuolization may be present before the desmosome-keratin filament complexes disappears-"; Increased protease activity in Darier's disease not only may be responsible for cell membrane damage, changes in adhesion mediating cell surface glycoproteins and dissolution of desmosomes, but also may influence cell proliferation and differentiation. Minor trauma, maceration and skin infections, which exacerbate the disease, are associated with inflammation and protease activation. An abnormality in the regulation of local protease activity, possibly a reduction in protease inhibitors, would be revealed if the system is stressed.
Is there any evidence for increased proteolytic activity in Darier's disease? Cultured epidermal cells derived from skin fragments involved by Darier's disease displayed disorganized growth. Normal epidermal cells cultured in the presence of these diseased cells, or in culture medium in which these cells were grown, developed a similar disorganized pattern of growth with cell dissociation and loss of desmosomes. The cultures reverted to normal if they were removed from the presence of the Darier's cells or the medium was replaced 34 ,35 . The Darier's cells apparently secrete an 'epidermal cell dissociating factor' into the culture medium. This factor could be a protease.
Cyclic AMP and beta-agonists inhibit cell proliferation and in normal epidermis may play some role in the regulation of proliferative activity. In Darier's disease the abnormal epidermis displays decreased beta-adrenergic responsiveness". The beta-adrenergic receptor on the cell surface can be modified by the activity of proteases such as trypsin'". Therefore an increase in proteolytic activity in Darier's disease could influence proliferation as well as altering cell adhesion.
Immunohistochemical studies demonstrated a 'delay' in the expression of suprabasal keratins in many acantholytic celis 29 • Proteolytic breakdown of keratins with loss of target epitopes could account for this finding. Alternatively destruction ofthe desmosomes, which are anchoring points for keratin filaments, might influence the conformation of keratin filaments within the cell and change the expression of epitopes. Structural changes in epidermal keratin polypeptides extracted from involved skin have been detected using SDS gels. More low molecular weight components were detected than in normal skin 38.39 but these changes could also be related to increased proteolytic breakdown rather than a primary abnormality in synthesis.
Treatment
Treatment with oral aromatic retinoids benefits patients with Darier's disease. The earliest change in retinoid treated lesions is the appearance of a new generation of basal cells better able to form intercellular attachments, acantholysis and dyskeratosis may be suppressed almost completely and keratin biochemistry returns to normalll. 38.40 . However the abnormal labelling index persista's. Retinoids are useful in many apparently unrelated disorders of keratinization and the therapeutic mechanisms are complex'", cell proliferation, differentiation, keratinization and desquamation are altered. In vivo retinoids have antiproliferative action and apparently normalize 'epidermal differentiation'. In contrast in vitro, retinoids enhance proliferation and delay differentiation. Retinoids modify protease activity in a variety of mesenchymal cell lines in vitro and may influence epidermal protease activity in ViV0 41. Retinoids also modify cell surface glycoprotein and glycolipid synthesis which may influence desmosome formation and cell adhesion. Although retinoids have had a major impact on the care ofthese patients, the mechanisms by which they act are unclear and have not provided insight into the cause of Darier's disease.
Conclusion
The cause of cell dyshesion in Darier's disease is unknown but a primary abnormality in keratin filament synthesis has not been demonstrated and the role oflocal protease activation in the pathogenesis of acantholysis should be considered. Changes in the immunohistochemical expression of keratins may be secondary to proteolytic breakdown with loss of target epitopes or an alteration in the conformation of keratin filaments within the cell. Rapid advances have been made in our understanding of the normal biology of the epidermis and dermis. Perhaps by the end of this century it will be possible to describe precisely what is happening in the skin in Darier's disease and this will result in improved therapy so that our patients can lead a normal life.
